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NAVIGATION METHODS, SYSTEMS, AND
COMPUTER PROGRAM PRODUCTS FOR
VIRTUAL THREE-DIMENSIONAL BOOKS

RELATED APPLICATIONS

U.S. patent application Ser. No. 09/741,037, entitled
“MAGNIFICATION METHODS, SYSTEMS, AND COM-
PUTER PROGRAM PRODUCTS FOR VIRTUAL
THREE-DIMENSIONAL BBOOKS,’filed on the same date
herewith by Stuart Card, et al.;

U.S. patent application Ser No. 09/741,035, entitled
“INDEXING METHODS, SYSTEMS, AND COMPUTER
PROGRAM PRODUCTS FOR VIRTUAL THREE-DI-
MENSIONAL BOOKS,” filed on the same date herewith by
Stuart Card, et al.;

U.S. patent apphcation Ser. No. 09/741,036, entitled
“METHODS, SYSTEMS, AND COMPUTER PROGRAM
PRODUCTS FOR THE DISPLAY AND OPERATION OF
VIRTUAL THREE-DIMENSIONAL BOOKS.,” filed on the
same date herewith by Stuart Card, et al.; and

U.S. patent application Ser. No. 09/741 ,038, entitled
“METHODS, SYSTEMS, AND COMPUTER PROGRAM
PRODUCTS FOR DISPLAY OF INFORMATION RELAT-
ING TO A VIRTUAL THREE-DIMENSIONAL BOOKS,”
filed on the same date herewith by Stuart Card, et al.

DESCRIPTION OF THE INVENTION

1. Field of the Invention

The present invention relates to the field of 1image display
systems, and, 1in particular, user intertaces for the display and
operation of large-scale informational sources, such as
hypertext, three-dimensional books, databases, and other
repositories of mformation.

2. Background of the Invention

The ability of users to access and interact with informa-
tion 1n electronic form (i.e., the reading of, manipulation of,
and navigation through data) gains ever-increasing 1mpor-
tance as the volume of accessible information increases.
Electronic information 1s generally stored in the form of
documents that are displayed to the user upon request. Users
or readers of information must accustom themselves to the
controls for accessing and interacting with the electronic
information.

The documents accessed by a user may include docu-
ments created by a user via a text-editing computer program
such as a word processor. In addition, documents may also
be scanned into a computer resulting 1n an electronic version
ol a paper document. The scanning operation may include
the optical character recognition of the document so that
both the graphical information (digitized images of the
pages) and contextual information (a text file of the docu-
ment) from the document may be stored together or other-
wise linked. Electronic documents are also widely available
over the Internet via the World Wide Web, among other
clectronic document sources. Documents may then be dis-
played with a display system, such as with a computer
having a monitor, or other similar display devices, for
example.

A typical method of displaying an electronic document 1s
to represent the document as a continuous scroll with an
associated scroll-bar for advancing the displayed represen-
tation. Most word processing programs and Web browsers
utilize this scroll metaphor for displaying electronic infor-
mation. The display of electronic documents as a continuous
scroll, 1n the conventional manner, may possess a number of
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2

deficiencies i displaying certain types of documents. For
example, users may have difliculty accessing and 1nteracting
with mformation when a conventional scroll 1s applied to a
large document.

Another metaphor for displaying electronic information 1s
that of a three-dimensional book. U.S. Pat. Nos. 5,838,326
and 5,847,709 to Card et al., which are expressly incorpo-
rated herein by reference, disclose a program for displaying
a document workspace for interacting with electronic docu-
ments 1n the form of three-dimensional books. The purpose
of the document workspace 1s to allow a large number of
document objects to be displayed together (mitigating the
limitations of the small screen space) in order to support
information-intensive activities. Interaction with pages 1is
similar to the functionality of a World Wide Web browser.
The design aims to provide very rapid access to a small
number of pages, smoothly integrated with slower access to
a large number.

An exemplary document workspace is illustrated with
reference to FIG. 1. The document workspace 1s arranged
hierarchically, based on interaction rates, into three main
levels: a Focus Space (for the document objects in active
use), Immediate Memory Space (for document objects in
use), and Tertiary Space (for document objects not in use).
In FIG. 1, a document object 5 1s 1n the focus space. The
immediate memory space comprises a “desk” 10 and an area
behind the focus space. The desk 10 may also contain
document objects, e.g., document object 15.

The tertiary space 1s where document objects may be
positioned when they are not 1n use. For example, document
objects that are used for reference purposes are placed 1n the
tertiary space. Referring to FIG. 1, the tertiary space 1s
represented as a bookcase 20. Bookcase 20 includes docu-
ment objects 30 and 35, for example.

I the user “touches” one of documents 1n bookcase 20, it
will automatically “tly” to the focus space. Simultaneously,
any document object then 1n the focus space will fly to a
position in the immediate space. The “flying” of objects 1s an
ammation which shows the movement of objects from one
space to another. The user 1s thus able to access information
from the plurality of displayed document objects by bringing
the document 1nto the focus space. The user may manipulate
the positioning and view of the documents through any
known method, for example, via a drag and drop operation.

As used herein, a document object 1s any entity that can
be manipulated 1n a document workspace. A document
object contains two basic types ol information: content
information and display/manipulation information. The con-
tent information refers to the text and 1mage data for the
underlying document. The display/manipulation informa-
tion refers to data defining how the text and image data 1s to
be presented to the user.

Known systems have been relatively successtul i dis-
playing books having a small number of pages. However,
the display of larger books containing hundreds of pages or
more poses challenges 1n how to interact with these large
documents.

SUMMARY OF THE

INVENTION

The present invention discloses systems and computer
program products for immproving the ability of users to
interact with electronic documents. Many of these improve-
ments are described with respect to large-scale books con-
taining many pages of information. However, the features of
the disclosed imnvention are also applicable to smaller docu-
ments, as well as forms of information other than books.
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The present invention comprises a system for displaying
images ol a virtual three-dimensional book having one or
more virtual pages. The system comprises a display system
capable of executing a display program. Images of the
virtual three-dimensional book are produced on the display
system.

A degree of iterest (DOI) function may be provided for
allocating available space on the display system. This DOI
function may comprise an intrinsic DOI value and a dis-
tance-based DOI value. Distance-based DOI values may
consider the recency in time since a virtual object was last
displayed. Intrinsic DOI values may be determined by an
object type of a virtual object. A method of allocating
available space on the display system using DOI values 1s
also described.

A page selection function may provide a user-selectable
scale along a long axis of the virtual three-dimensional book
for selecting virtual pages. The scale may be linear or
nonlinear, and the scale may be a function of a DOI function.

Virtual chapter tabs may also be provided for navigating
within the virtual three-dimensional book. Clicking on a
chapter tab would move the current page to the first page
associated with the chapter associated with the chapter tab.
The size of a chapter tab may correspond to the number of
virtual pages 1n the chapter, and the size of a chapter tab may
be determined using a DOI function. Additional information
relating to a given chapter may be displayed on that chap-
ter’s chapter tab.

The display system may include a page flipping function
for moving between virtual pages in the virtual three-
dimensional book. The page flipping function can include
several different page flipping speeds and several different
page flipping amimations.

A scroll bar function 1s also provided to facilitate page
navigation wherein space on the scroll bar 1s allocated using
a DOI function. Again, the DOI function may comprise
intrinsic DOI and distance-based DOI functions. The scroll
bar may also include visual indicators for indicating a
location for tables or figures within the virtual three-dimen-
sional book.

Finally, a computer program product comprising a com-
puter usable medium 1s also described. The computer usable
medium has computer readable code embodied therein for
producing 1mages of a virtual three-dimensional book. The
computer readable code may comprise various functions
described with the display system of the instant invention.

Additional objects and advantages of the invention will be
set forth 1n part in the description which follows, and 1n part
will be obvious from the description, or may be learned by
practice of the invention. The objects and advantages of the
invention will be realized and attained by means of the
clements and combinations particularly pointed out in the
appended claims.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are not restrictive of the
invention, as claimed.

The accompanying drawings, which are incorporated in
and constitute a part of this specification, illustrate several
embodiments of the invention and together with the descrip-
tion, serve to explain the principles of the mnvention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an image of an exemplary interface for viewing
a three-dimensional book according to the invention.
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FIGS. 2A-2C are diagrams of the process of creating a
slide-out page according to the invention.

FIGS. 3A-3B are diagrams of a rocker book being
ammated from a first position to a second position according
to the mvention.

FIGS. 4A-47T are diagrams of diflerent combinations of
book and page sizes according to the mvention.

FIGS. 5A and 5B are two alternate arrangements for the
display of multiple slide-out pages according to the mmven-
tion.

FIG. 6 shows an exemplary arrangement ol multiple
slide-out pages according to the invention.

FIGS. 7A—7F show a process of folding and unfolding a
page according to the mnvention.

FIG. 8 shows an exemplary three-dimensional book hav-
ing tabs according to the invention.

FIG. 9 1s a graph of the relationship between pixels and
page number according to the invention.

FIG. 10 shows an exemplary three-dimensional book 1n
an open state according to the ivention.

FIG. 11 shows an exemplary three-dimensional book 1n a
stripe flipping state according to the invention.

FIG. 12 shows an exemplary three-dimensional book 1n a
corner flipping state according to the mvention.

FIG. 13 1s a tflow chart of an exemplary navigation
through a three-dimensional book according to the inven-
tion.

FIGS. 14A and 14B show two exemplary scroll bar
according to the mvention.

FIGS. 15A and 15B show a page having a section thereof
magnified according to the invention.

FIGS. 16A and 16B show exemplary portions of a page
magnified according to the invention.

FIGS. 17A-17C show an exemplary page having warped
magnification according to the mnvention.

FIGS. 18A and 18B show an exemplary method of
displaying a page to a user according to the mvention.

FIG. 19 shows the display of a index as a slide-out page
according to the mvention.

FIG. 20 shows an exemplary index page created using a
single search term according to the mvention.

FIG. 21 1s a flow chart of an exemplary method of creating,
an index page according to the invention.

FIG. 22 shows an exemplary index page created using two
search terms according to the invention.

FIGS. 23A and 23B show an exemplary table of contents
page belfore and after a user interacts with the page accord-
ing to the mvention.

FIG. 24 shows an exemplary table of contents page
created using a single search term according to the inven-
tion.

FIG. 25 shows an exemplary three-dimensional book
having dynamic bookmarks according to the invention.

FIG. 26 shows an exemplary three-dimensional book
having dynamic bookmarks according to the invention.

FIG. 27 shows an exemplary ordinary and big book
according to the mnvention.

FIGS. 28A and 28B show two alternate display tech-
niques for information about a big book according to the
invention.

FIG. 29 shows a display technique for information about
a big book according to the invention.

FIG. 30 shows a display method for a big book 1n angled
format according to the invention.

FIG. 31 shows a display method for a big book in vertical
view format according to the mvention.
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FIG. 32 shows a display method for a big book including
a cutout portion according to the invention.

FIG. 33 shows a display method for a big book 1n a
stacked format according to the invention.

FIG. 34 shows a display method for a big book 1n a
continuous adjustment format according to the mvention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention represents a number of advances by
the mventors of this application over and including work
previously performed and filed as patent applications. The
following patents and patent applications are expressly
hereby incorporated by reference in this application: U.S.
Pat. No. 5,632,009 entitled “Method and System for Pro-
ducing a Table Image Showing no Direct Data Representa-
tion”, U.S. Pat. Nos. 5,670,984 entitled “Image Lens”; U.S.
Pat. No. 5,835,905 entitled “System for Predicting Docu-
ments Relevant to Focus Documents by Spreading Activa-
tion Through Network Representations of a Linked Collec-
tion of Documents™ U.S. Pat. No. 5,838,326 entitled
“System for Moving Document Objects 1n a 3-D Work-
space”: U.S. Pat. No. 5,847,709 entitled “3-D Document
Workspace with Focus, Immediate and Tertiary Spaces™:
U.S. Pat. No. 35,880,742 entitled “Spreadsheet Image Show-
ing Data Items as Indirect Graphical Representations™; U.S.
Pat. No. 5,883,635 entitled “Producing a Single-Image View
of a Multi-image Table using Graphical Representations of
the Table Data”; U.S. Pat. No. 6,085,202 entitled “Method
and System for Producing a Table Image Having Focus and
Context Regions”; and U.S. patent application Ser. No.
09/488,563 entitled “A Medium Containing Information
Gathered from Material Including a Source and Interface for
Graphically Displaying the Information.”

Reference will now be made in detail to the present
exemplary embodiments of the invention. Wherever pos-
sible, the same reference numbers will be used throughout
the drawings to refer to the same or like parts.

Systems and methods for displaying images of a virtual
three dimensional book can be implemented on any suitable
display system. In a preferred embodiment, the images can
be displayed using a Silicon Graphics “Reality Engine™”
computer and a monitor or using a personal computer (with
or without a graphics accelerator) and a monitor, for
example. However, one skilled 1n the art could utilize any
display system capable of executing a computer program
product in accordance with the present invention. As used
herein, the word “display” may comprise an entire display
area, a bounded and/or fractional portion of a display area,
or an area defined over more than one display.

It 1s convenient to use a book metaphor for describing the
display of electronic documents. The three-dimensional
book metaphor mimics the aspects of physical books to
provide a feeling of familianity to the user. The metaphor,
however, becomes a limitation on the ability of the user to
tully interact with the document. For example, a user may
desire to view more than the two facing pages that would be
available when reading a physical book. A related problem
1s that small computer display sizes limit the ability of the
user to simultaneously interact with more than one page.

A first solution to the multiple page viewing limitation 1s
to modily the book metaphor to permit the user to “slide-
out” pages from the book. The term “slide-out” as used here
only relates to the display of the virtual book Thus, “sliding-
out” a virtual page only serves to display that virtual page 1in
a different position on the computer display separate from
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6

the visual representation of the rest of the virtual three-
dimensional book. In this way, “sliding-out” does not denote
the removal of data associated with a virtual page from its
logical order in the electronic representation of a virtual
three-dimensional book. A “slide-out” page will still appear
in the electronic representation of the virtual three-dimen-
sional book despite the fact 1t may appear separately from
the virtual three-dimensional book on the display.

FIG. 2A shows a virtual three-dimensional book 200
having two facing pages 210 and 220. The facing pages 210
and 220 may be constructed by, for example, mapping a bit
map of an 1mage of the pages from memory onto a virtual
object comprised of triangular facets. The process of using
a bit map to map texture onto a virtual object 1s well known
in the art and will not be further discussed here.

The slhide-out process 1s carried out by a user by, for
example, selecting a page 210 and dragging 1t out of the
book. The process can be shown as the page simply appear-
ing outside the book or by animating an action such as a page
being slid-out and placed outside the book. As shown 1 FIG.
2B, once page 210 1s outside the book, the image of the book
may be modified by either showing a copy of page 210 in a
differentiated manner, for example, as gray or colored text or
image 210', or by showing the book as 1f page 210 were no
longer part of the book, 1.e., by showing the previous page.
After page 210 has been slid out, as shown m FIG. 2C, the
user can then advance to the next page to reveal pages 230
and 240, while keeping page 210 1n view.

The slide-out page metaphor may also be applied to other
user interfaces for mformation displays beyond three-di-
mensional books. For example, a spreadsheet program may
include the slide-out page functionality to allow a user to
slide out worksheets from a workbook in a fashion analo-
gous to shiding out virtual pages from a virtual three-
dimensional book. Similarly, the slide-out page may be used
to manipulate individual presentation slides 1n a presentation
graphics program. These and other such combinations and
permutations of the slide-out metaphor as applied to user
interfaces are within the scope of the present invention.

A second solution to the multiple page viewing limitation
1s to modily the representation of the book. While the
representation of an electronic document 1n the three-dimen-
sional book format provides a visually pleasing and familiar
context for the reader, a format with two facing pages
simultaneously 1n view (for example, pages 210 and 220 of
FIG. 2A) may dominate too much of the available display
space. Therefore, mnstead of showing both facing pages 1n a
tull-on view, the three-dimensional book 200 may be rep-
resented as a rocker book 300 as shown 1 FIG. 3A. In the
rocker book format, a page 310 1s shown generally as a plane
parallel to the surface of the display while another page 320
1s represented as being tilted at an angle toward the user. The
data comprising page 320 are mapped onto the tilted page,
thereby providing a view of at least some of the information
contained therein to provide context to the user.

When transitioning the view from page 310 of the book to
its facing page 320 the book metaphor can be used to
provide an animation of the book 300 being turned in a
rocking motion as shown in FIG. 3B. The speed of the
amimation can be set to extend the feeling of three-dimen-
sionality of the book 300. Animating the transition from the
static state 310 to the static state 320 (or vice versa) aids the
user 1n interpreting these states as two views ol a single
object.

Another method for permitting multiple page viewing is
to scale pages to be displayed at diflerent sizes. The full-size
page corresponds to the actual size of a page from a book
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scanned 1nto the computer. This actual page size may be, for
example, 84"x11" or some slightly-reduced size to fit on the
display. As discussed above, a full-size page may take up too
much of the display.

Smaller page sizes are therelore provided, these smaller
page sizes providing different amounts of information to the
user. A large page size of, for example, 6" scaled down from
the 11" page size, 1s readable for a user using a magnification
function, which increases the size of a desired portion of the
image. The magnification function will be discussed below.

An exemplary large page book 400 i1s shown in FIGS.
4A-4T. In FIGS. 4A—47T, a dashed line bounding box 4035
represents the border of an exemplary display device,
wherein portions of 1mages which extend beyond bounding,
box 405 would not be displayed. As shown in FIG. 4A, when
using the large format book 400 having both pages open to
view, the display used to display the book may be msufli-
cient to show a large slide-out page 410. This can be solved
by showing the slide-out page in a smaller format 420 (FIG.
4B), for example, 3" 1n height. In this format the title and
images ol page will be readable. Alternatively, the large
format book may be shown as a rocker book 430 (FIG. 4E),
so that a large scale slide-out 410 can be located next to the
rocker book 430.

The slide-out page also can be displayed as a thumbnail
s1ze slide-out 440, taking up about 1" of display space (FIG.
4C). In order to use even less space, instead of providing an
image of the slide-out page, an icon 450 can be used to
represent the page to the user (FIG. 4D). The representation
may be reduced even further, such as a dot (not shown),
which can be implemented simply to indicate the presence
of a page.

FIGS. 4A—47T also show a plurality of different combina-
tions of full view book 400 (FIG. 4A) and rocker book 430
(FIG. 4E) with diferently sized slide-out pages. These
include small book 470 (FIG. 41), small rocker book 480

(FIG. 4M), thumbnail book 490 (FI1G. 4Q)), etc. The follow-
ing exemplary combinations are 1llustrated in FIGS. 4A-4T:

FIG. 4A  Large page book 400 with large slide-out page 410 (partially
outside of display area)

FIG. 4B Large page book 400 with smaller format slide-out page 420

FIG. 4C  Large page book 400 with thumbnail size slide-out page 440

FIG. 4D  Large page book 400 with 1con 450

FIG. 4E  Rocker book 430 with large slide-out page 410

FIG. 4F Rocker book 430 with smaller format slide-out page 420

FIG. 4G Rocker book 430 with thumbnail size slide-out page 440

FIG. 4H  Rocker book 430 with icon 450

FIG. 41 Small book 470 with large slide-out page 410

FIG. 4] Small book 470 with smaller format slide-out page 420

FIG. 4K  Small book 470 with thumbnail size slide-out page 440

FIG. 4L Small book 470 with 1con 450

FIG. 4M  Small rocker book 480 with large slide-out page 410

FIG. 4N Small rocker book 480 with smaller format slide-out page 420

FIG. 40  Small rocker book 480 with thumbnail size slide-out page 440

FIG. 4P Small rocker book 480 with 1con 450

FIG. 4Q  Thumbnail book 490 with large slide-out page 410

FIG. 4R Thumbnail book 490 with smaller format slide-out page 420

FIG. 48 Thumbnail book 490 with thumbnail size slide-out page 440

FIG. 4T Thumbnail book 490 with 1con 450

The user can rapidly expand and contract the sizes of the
displayed pages between the various formats to provide
differing levels of information to the user. Those skilled 1n
the art will undoubtedly divine other permutations and
combinations of book sizes, formats, and slide-out pages, all
of which are within the scope of the present invention.

An exemplary action for changing the size of the images
would be to use a mouse to click on the page and gesture
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upwards to increase page size or downward to decrease the
page size. The use of the various size formats permits the
user to keep track of pages, to bookmark pages, and, in the
case ol formats showing images of the page, to make
information available directly from the displayed image. For
a given three-dimensional book, a set of standard page sizes
may be predetermined to allow pre-planned arrangement of
the pages 1n the available display space. The images of the
different page sizes may be stored, for example, as bit maps
or texture maps of the page images, wherein each page will
have a number of different page size images associated
therewith. Upon selecting the page, the stored bit map 1s
accessed to display the proper page and page size. Alterna-
tively, a single bit map for each page can be stored, whereby
the page to be displayed can be sized on-the-fly as 1t 1s
resized.

The use of texture maps of different fidelity may also be
used to allow more rapid display and motion of the pages.
For example, the use of a large format book for page flipping
would limait the ability of the computer to use the highest
information content texture map to efliciently flip through
the pages. As the speed of flipping increases, however, the
amount of mformation that can be gained from the page 1s
limited by the speed of tlipping itself. In order to maximize
this speed, therefore, a lower fidelity image can be increased
in size to fit the large format book, while allowing greater
processing and display speed.

Referring to FIG. SA, multiple slide-out pages 500 (com-
prising smaller format slide-out page 420 and thumbnail size
slide-out pages 440, for example) may be shown 1n any of
the alforementioned size formats. Alternatively, as shown in
FIG. 5B, one or more slide-out pages may be placed 1n a bin
510, wherein all of the pages are of the same size format.
FIG. 5B 1llustrates, by way of example, three thumbnail size
slide-out pages 440 placed 1n bin 510. Adjacent bin 510 1s
another thumbnail size slide-out page 440 (which 1s not
placed 1n bin 510) and a smaller format slide-out page 420.

In order to efliciently allocate the available display size to
the 1images to be displayed, an automatic page arrangement
function can be used. The automatic page arrangement
function can use a degree of interest function 1n order to
determine the proper size allocation. The degree of interest
function calculates the degree of interest that the user has 1n
cach of the objects to be displayed. One algorithm {for
calculating the degree of interest 1s called a “fisheye lens”
algorithm, as described 1n G.W. Furnas, “The Fisheye View:
A New Look at Structured Files,” Bell Laboratories Tech-

nical Memorandum #81-11221-9 (Oct. 12, 1981), which 1s
expressly mcorporated herein by reference.

The fisheye lens algorithm contains two parts, an intrinsic
degree of interest (DOI) function and a distance-based DOI
function. The trinsic DOI function corresponds to the
intrinsic interest of a given object, while the distance-based
DOI corresponds to the spatial or temporal proximity of a
grven object. The net degree of 1nterest 1s obtained by adding
the two values together:

DOI=Intrinsic DOI+Distance-Based DOI

As described by Furnas, however, the fisheye algorithm
does not take 1nto account the amount of available resources
that can be used for the display of the images. If no
accommodation 1s made for the limits of available resources,
the 1mages displayed may exceed the size of the page, as
shown 1n FIG. 6. The instant invention therefore combines
the fisheye lens algorithm with a technique to ensure that all
images will {it within the resources of the display.
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The “Intrinsic DOI” value can be assigned based on the
nature of the object. A book, for example, may be assigned
a higher degree of interest value than a slide-out page 1n
order to classify the book as more likely to be of interest to
the user than the slide-out page. A book could be assigned,
for example, a degree of interest value of -1 and all other
objects could be assigned a degree of interest value of -2.

The “Distance-Based DOI” value may be chosen as an
interval in time since the page was last accessed. This time
interval would count the temporal interval since a user had
clicked on a page or used a magnifier function on the page.
The pages are assigned a degree of interest value decreasing
with the amount of time since last accessed. The assignment
may be, for example, —1 for the most recently accessed
document object, -2 for the second most recently accessed
document object, -3 for the third most recently accessed
document object, and so on.

The degree of interest value can also be used to determine
the placement of objects relative to each other on the page.
As shown 1n FIG. 6, a book 600 which 1s currently in view
will have a high degree of interest value. Book 600, there-
tfore, 1s placed centrally and displayed in a large format. For
the layout shown in FIG. 6, the book 1s displayed in
combination with thumbnail slide-out pages 601-614. The
thumbnail slide-out pages would be placed on the display in
order of their corresponding reference number, 1.€., 601 first,
602 second, etc. The degree of interest function can be used
to limit the size at which the images are displayed along with
limitations on the placement of the images. Rectangle 680
shown around the 1mages 1s a bounding box indicating the
available resources, 1.¢., the available display space.

In accordance with the present mmvention, an automatic
page placement algorithm works by computing the degree of
interest Tunction for each of the pages and the book. If the
layout exceeds the width or height of the bounding box, the
pages are all ordered using the degree of interest value
assigned to the individual pages. Using, for example, a
threshold value DOI,, all pages having a degree of interest
below that value are reduced in size to small-size pages. IT
the display of the images would still exceed the available
resources, those pages having degree of interest values
below a second threshold DOI, are reduced to a thumbnail-
size page. If the layout would still exceed the available
resources the pages may be reduced 1n size 1n reverse degree
of mterest value order to 1con-size pages or dot-size pages.
Finally, the pages may be culled individually 1n reverse
degree of interest value order 1n order to ensure that the
displayed images result 1n a permissible layout.

Because automatic control of page size 1s governed by the
degree of interest algorithm, the user 1s also given the option
to control the size and positioning of objects within the
display space. The use of these control functions aflects the
distance degree of interest function applied to the individual
images. Further, the user may be given the option to override
the degree of interest function to display objects at a selected
s1ze and position regardless of degree of mterest value. For
example, the degree of interest function may be overridden
for a particular virtual page (e.g., an 1index page) such that
that page will remain at a selected size and position. While
this page remains at the selected size and position, other
pages may still be adjusted according to the degree of
interest algorithm.

In order to permit optimal functionality with simple
gestures, the user may change the size and position of
objects by, for example, holding down a mouse button while
moving across the image of the object. A downward sweep
could, for example, shrink the size of the page, while an
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upward sweep could increase the size. A left-to-right sweep
on a page 1 a book could, for example, transfer the page
from the book to become a slide-out page outside the book.
The creation of a slide-out page 1s indicated, for example, by
displaying the page in the book in a grayed-out state.
Further, a left to right gesture on a page to another page
could, for example, create a pile of pages from the pages.

The optimal use of available resources becomes important
when the display of an object would result 1n exceeding the
display size. As discussed above, one of the general prin-
ciples of the three-dimensional book 1s to provide the
sensory experience of viewing a real world book 1n virtual
space. This metaphor, however, becomes strained with large
format books and small display sizes. Further, at times, 1t
may be helpiul to view different portions of long lists of
items together, for example, an 1ndex or table of contents of
a book.

One solution to this problem 1s to remove portions of the
object from view. An extension to the three-dimensional
metaphor to such removal 1s a visual display of the object
(1.e., page) folding 1n and out of view. As shown 1n FIG. 7A,
a page 700 1s shown including information under categories
A and C. The information under category A 1s selected as
shown 1n a page 702 of FIG. 7B. In FIG. 7C, the program
uses a folding animation to show the information on a page
704 being folded nto a crevice 710. The image information
1s mapped onto the plane formed by the page as the angle of
view ol that portion of the page 1s bent out of view. As shown
in FIG. 7D, the information under the category B of page
706 1s then selected. In FIG. 7E the category information 1s
folded out of the page 708 from a crevice 720 in a reverse
sequence to that shown 1 FIG. 7C. Finally, 1n FIG. 7F, the
newly constructed page 730 1s shown.

Beyond fitting an 1mage of a three-dimensional book on
the page, the ability to access the information provided 1n the
book 1n an easy and timely manner increases the utility of
the three-dimensional book metaphor. In a physical book,
the ability to select a particular page from the entire text
involves approximating the desired position in the book
using the side edge of the book 1n the thickness direction.
Generally, however, since the side edge of a book in the
thickness direction encompasses a relatively small space, 1t
1s not amenable to detailed page selection.

Referring to FIG. 8, similar page navigation problems are
found with a virtual three-dimensional book 800. A user
would have extreme difliculty in precisely locating, pages by
selecting along a relatively small side edge 820 in the
thickness direction of virtual three-dimensional book 800.
To alleviate this problem, a user-selectable slider 825 may be
disposed along an edge 8135 1n the height direction of virtual
three-dimensional book 800. A user may relocate slider 8235
up and down the length of edge 815 using a click and drag
operation, for example. Upward movements of slider 825
result 1n backward page movements 1 book 800, while
downward movements of slider 825 result in forward page
movements.

Further, as shown in FIG. 8, the utility of the edge 815 can
be increased by providing chapter tabs 805 extending from
the edge 815 showing the divisions of the book. A user could
perform a simple click selection on any of these tabs 803 to
navigate to the first virtual page associated with a given
chapter tab.

Alternatively, tabs 803 can be shown “cut into” the side
of the book, such as those commonly used 1n thumb-indexed
dictionaries. These chapter tabs 805 can be evenly sized, or
differently sized to retlect the relative sizes of the chapters.
Further information can be provided using color coding of
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the chapter tabs or by including text identifications of the
chapters. The utility of tabs 8035 may also be increased by
providing the information on both sides of the tab, so that as
the pages corresponding to the chapters are turned the
information contained thereon remains available.

The edge 815 of book 800 may comprise, for example,
400 vertical pixels. Thus, 1t virtual three-dimensional book
800 comprised 400 virtual pages, for example, each one-
pixel movement of slider 825 would result 1n a correspond-
ing page movement of one page 1 book 800. However, 1f
book 800 had a greater number of virtual pages, 800, for
example, those 800 virtual pages would be mapped to the
400 pixel span of the edge at 2 pages per pixel. Thus, a slider
movement of one pixel would result 1n a page movement of
2 pages 1n this example.

Those skilled 1n the art will recognize that any number of
virtual pages can be proportionately mapped to any number
of pixels along edge 815. A graphical representation of
proportional pixel mapping 1s illustrated 1n FIG. 9A. For
example, when a user clicks adjacent to book 800 but not on
a tab 805 and not on slider 8235, the virtual pages would turn
to a page whose location 1s proportional to the distance along

edge 815.

For larger books, e.g., a book having 1200 pages, the
slider 825 moving along edge 815 would not provide enough
page selectivity. In order to increase the utility of the page
selection process, therefore, a non-proportional pixel map-
ping may be introduced along edge 815, as illustrated in
FIG. 9B. In this way, greater discriminability of wvirtual

pages would be accommodated 1n certain portions of edge
815.

In a preferred embodiment of the present immvention, a
degree of interest function could be used to warp the
correspondence between edge 815 of book 800 and the page
to which a selection 1s made. This technique would also help
in page selection for smaller books, since pointing need not
be so precise. Specifically, a non-uniform mapping process
could be used i1n accordance with the user’s calculated
degree of interest in order to more efliciently utilize the
space provided.

As discussed above, the degree of interest (DOI) function
used can operate with a temporal distance value based on the
amount of time since an object was last viewed. Alterna-
tively, the distance value may be based on a spatial distance,
such that the currently viewed page would have a high
degree of interest assigned thereto, and the degree of interest
values would fall off as the number of the other pages are
located turther from that page in the book. The degree of
interest calculation could be performed for each page p
using an exponential function such as;:

DOI(p) =

Aigmﬂ_m

wherein A and k are constants, e 1s the base of natural
logarithms (approximately 2.71828), and Ic—pl 1s the abso-
lute value of difference between a current page number ¢ and
cach page number p. FIG. 9B shows values used in an
exemplary non-uniform mapping process using the degree
ol interest function above. Values of A and k can be derived
so that the DOI function mimics the shape of the curve
portrayed in FIG. 9B, taking into account the range of all
page numbers (the x-axis) and the total number of display
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pixels which may be allotted to all virtual pages to be
displayed (which dictates the number of pixels allotted per
page, the y-axis).

This non-umiform mapping process can also be extended
to provide further information from the chapter tabs dis-
cussed above. As shown 1n FIG. 10, the degree of interest
mapping of the selectable Y-axis results 1n a non-uniform
mapping of chapter sizes. The larger chapter tabs 1003,
1004, and 1005 corresponding to those chapters closest to
the currently viewed chapter have extra space that can be
used, for example, to display sub-chapters or sections as
shown on chapter tab 1004 in FI1G. 10. Further, the relative
s1zes of the chapters shown can be used to provide the user
with information about the relative page selectability of the
sections of the book as shown, 1.e., to provide a visible scale
ol the distortion of page size by adjusting the size of the tabs
accordingly.

With the book and book edge metaphor 1n place, a number
of different methods of navigating through the book may be
made available. One page turning method 1s to allow single
pages to be flipped from the current page by clicking on
cither the right side page or left side page of the book.
Clicking on the right side page results in moving one page
forward and the left side page 1n moving one page back.
Alternatively, this might be accomplished by holding a
mouse button down while making a rightward gesture to
move forward one page or a leftward gesture to move back
one page, simulating the hand movement of turning a
physical page. The act of opening to the next or previous
page 1s shown as an animation of the page flipping within the
view ol the user.

Alternatively, page tlipping may be accomplished by, for
example, selecting a point on the edge of the book and
dragging 1t up or down to cause the pages to flip in the
selected direction (i.e., up-tlips 1n the direction of the front
of the book and down-flips 1n the direction of the back of the
book). Because diflerent page flipping speeds may be
needed for differing tasks of the user, the user 1s given the
ability to select the desired tlipping speed by, for example,
correlating the page flipping speed to the distance along the
edge of the book that the cursor moves once page thpping 1s
initiated.

For slow flipping speed, 1.e., where the user does not
move the cursor far after mitiating the page thpping process,
a tull animation 1s provided to show each individual page
tlipping. In this way, all information for the displayed page
1s mapped onto the flipping page. Further, by moving the
cursor back and forth, the user can very selectively control
the flipping of the page by, for example, stopping it in
mid-thip, or moving the flipped page back and forth.

As the speed of page tlipping increases, however, the
computer may not be able to successtully show the 1ndi-
vidual page thpping and keep up with the mapping of all of
the information necessary to display the animation. In order
to maximize the book metaphor and still provide usetul
information to the user while the flipping 1s 1n progress,
therefore, an alternate viewing scheme can be adopted for
accommodating the faster tlipping speed. This faster flipping
speed would commence once the tlipping speed increases
beyond a preselected threshold speed.

One exemplary animation would show a fraction of the
page containing at least some of the content of the page, e.g.,
a quarter of the page, folding over. One such animation is
called stripe tlipping, as stripes of the both the facing and
following page are shown during the thpping animation.
Alternately, any corresponding fractions of a facing and a
following page may be displayed during a partial flip
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amimation. In this way, the user may see information avail-
able on the displayed portions of the facing page being
flipped and 1ts following page. An exemplary partial flip
amimation, stripe flipping, 1s illustrated in FIG. 11.

For even faster tlipping speeds, the animation required to
show even a Iraction of the content of each page would
likely not provide much utility to the user, and could
possibly exceed the processing power of the computer.
Instead, as shown 1n FIG. 12, the book can be shown flipping
only the comer of the page, which would reveal the page
number of a tlipped page and a potential facing page (here
shown as page 224 and page 2235, respectively), but no other
information. This mode 1s activated by passing a second
preselected threshold of page flipping speed. Since corner
flipping does not require page content data, 1t does not
require as much processing time as full or partial page
tlipping. Thus, 1t may be processed and performed quickly.
The animation can 1include accumulations of curled pages 1n
order to keep with the three-dimensional book metaphor.

FIG. 13 1s a flow chart of the processing of a three-
dimensional book for viewing as a user performs certain
commands with the program. In step 1300, a book 1s {first
loaded 1nto the computer, and 1s shown, for example, in the
manner displayed 1in FIG. 10. Because the book has not yet
been opened, the degree of interest functions 1s not used to
warp the edge of the book. In step 1310, the user selects, for
example, chapter 4 by clicking on the chapter tab assigned
to chapter 4. In step 1320, the computer warps the edge of
the book using the degree of interest function, and opens the
book to chapter 4 to show the image shown, for example, in
FIG. 10. In step 1330, the user clicks on the edge of the book
and moves the cursor slowly downwards. In response to this
command, i step 1340, the computer shows the pages
tlipping slowly. In order to proceed more quickly through
the book, the user moves the cursor further downward 1n
step 1350. Because the edge of the book 1s warped using the
degree of iterest function around the current page, the
turther from the starting point the user moves, the more
sloped the page versus distance function becomes, as shown
in FIG. 9B. Once the first threshold speed 1s exceeded, 1n
step 1360, the computer adopts the stripe flipping format
shown 1n FIG. 11. In step 1370, the user pauses the mouse
during the page tlipping operation for longer than a prede-
termined threshold time. The computer then determines in
step 1380 that the user has selected the page currently
partially flipped open. The selected page 1s then fully flipped
to show the entire contents. The edge of the book 1s then
re-warped to reflect the new page selected at step 1390.

For documents shown 1 a form other than a book
metaphor, the warping of the edge of the book function
described above can be modified to accommodate the alter-
native display format. One version of this alternate display
format 1s exemplified by the scroll format used by many
word processors. The document being displayed 1s viewed
as a continuous scroll including all of the information
included 1n the document. For these programs, the display
often includes a “scroll bar” that can be used to navigate
through the document. The scroll bar 1s shown as a linear
mapping of scroll bar distance versus position within the
document. Instead of this linear mapping, the scroll bar may
be warped using a function similar to the above-discussed
degree of iterest function. In this way, portions of the
document closer to the currently-viewed section will be
correlated to a greater area on the scroll bar than areas a
greater distance from the currently viewed section.

FIGS. 14A and 14B show two exemplary versions of a
modified scroll bar. In FIG. 14A, the document 1s divided
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into sections, wherein the degree of interest function has
been used to warp the correlation between a position 1n a
document and a scroll bar position on scroll bar 1400. For
example, 1n scroll bar 1400, section 4, the current section, 1s
accorded a larger portion of the scroll bar than are sections
1 and 10. Optionally, sub-section mformation may be pro-
vided for a section with a high degree of interest, as shown

for section 4 1n scroll bar 1400. A slider 1403 1s provided for
navigating with scroll bar 1400.

Additional information may be added to the scroll bar as
shown 1n scroll bar 1410 of FIG. 14B, wherein a table
locator 1420 and a figure locator 1430 indicate table and
figure locations 1n the document. A distinction between table
and figure locators can be made using texture or color for
cach type of document object. A user may navigate using
slider 1403 as provided on scroll bar 1410 or by clicking on
a table locator 1420 or a figure locator 1430.

As discussed above with respect to folding pages as
discussed 1n relation to FIG. 7, 1t may not be possible to
display an entire page of a book 1n a sufliciently large format
to permit a user to view the mnformation provided thereon. A
solution to this problem 1s to display the entire page in a
small format, such that much of the information provided
thereon, such as title, 1image, and contextual information 1s
available, while enlarging a select portion of the 1image to a
s1ize easily readable to the user. This enlargement can be
performed using a mathematical approximation of a lens
enlarging a select portion of the viewed 1mage. An exem-

plary lens 1s described, for example, in “The Document
Lens,” by George G. Robertson and Jock D. Mackinlay,

Proceedings of UIST ’93, 101-108 (1993), which is incor-
porated herein by reference.

A simple magnifier representative of a magnifier meta-
phor 1s shown i1n FIG. 15A, wherein a magnifier 1500 1s
shown magnifying a region 1510 of a document 13520.
Region 1510 corresponds to a magnified version ol an
unmagnified region 1540 of document 1520 in FIG. 15B. As
can be seen by comparing FIGS. 15A and 15B, the simple

magnifier 1500 obscures a region 1530 (shown in FIG. 15B)
from view.

Instead, as shown in FIG. 16A, a stretchy lens can be
used, wherein a central region 1600 of the lens 1s used to
provide a direct magnification of a central region of the area
of the document 1610 to be viewed 1n a similar manner as
the magnification shown 1n FIG. 15A. In the regions 1620
surrounding the central region a differential magnification 1s
adopted, such that the portion of areas 1620 abutting the
central region 1600 1s magnified to the same extent as central
region 1600, the magnification falling off (e.g., 1n a linear
fashion) down to the side of areas 1620 abutting unmagni-
fied regions 1630 of document 1610, which will not be
magnified. In this manner, the information provided 1n the
area 1530 of FIG. 15B which was obscured 1s now shown,
though the text or images in this areas will purposetfully
appear warped using a stretchy lens. Thus, 1n this preferred
embodiment, the stretchy lens substantially defines a virtual
pyramidic solid.

As shown in FIG. 16B, the magnifier 1640 can be selected
so as to span the entire width of the page 1640. Here, all of
the text or images spanning the entire width of the document
are viewable by the user, and all of the remaining informa-
tion from page 1640 can also be viewed in a lower magni-
fication around the magnified region. In alternate arrange-
ments, three-dimensional lenses having different spatial
magnifications may be used or multiple lenses may be
employed.
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Another method of displaying all of the information
provided on a page within a limited area allotted 1s shown 1n
FIGS. 17A-17C. This display method 1s called the “stretchy
page” display method. In this arrangement, as shown 1n FIG.
17A, a page 1700 1s divided into a number of regions, here
shown, for example, as six regions: 1710, 1720, 1730, 1740,
1750, and 1760. Region 1710 1s the focal area at which the
user currently 1s directing his/her attention. Because this 1s
the region of interest, this region 1s displayed having a
constant large magnification. Regions 1720 and 1730,
respectively above and below region of interest 1710, are
shown having full magnification in the horizontal direction,
but are less magnified in the vertical direction, such that
arcas 1720 and 1730 have a shortened appearance. While
contextual information within regions 1720 and 1730 1s
visible, the text and 1mages are purposefully distorted to
accommodate the focal area of region 1710.

The other side of the page 1s also broken into three
regions. All three regions 1740,1750, and 1760 are shown
having lower magnification in the horizontal direction.
Middle region 1750 1s fully magnified in the vertical direc-
tion to match the vertical magnification of the area of interest
1720, while regions 1740 and 1750 share the lower vertical
magnification of areas 1720 and 1730. Examples of the page
as magnified are shown 1 FIG. 17B and FIG. 17C.

For both the stretchy page and stretchy lens display
formats a number of different focal area movement options
are possible. Exemplary focal area movements include drag-
ging the lens across the document to display diflerent areas
of the document 1n enlarged format. Alternatively, a clicking
operation before or after the lens on the page could be used
to relocate the lens a set distance forward or backward along
the page. Another possibility 1s to move the lens to the next
paragraph, such that the lens would resize itself to fit the
paragraph unless the paragraph were too long to fit within a
reasonable display area. The lens may also be moved at a
constant set speed along the page, the speed being set by the
user to conform to the speed at which the user reads. This
alternative 1s analogous to the method of speed reading.

Another exemplary area of interest movement scheme
utilizes an eye-tracking device, such that the computer could
determine the position on the display at which the user 1s
currently looking. When eye movements are within a thresh-
old distance of the bottom of the area of interest the area
would be moved forward. Such an eye movement tracker
could be used in combination with the constant speed
method described above to ensure that the lens keeps pace
with the reader. Because quick movements of the eye may
not correspond to specific changes 1n the users interest, e.g.,
where the user looks briefly to the side, a delay may be
implemented to ensure that such briel changes may be
1gnored.

In another page viewing technique (called “pop and
pick™), the starting view of the document 1s shown as a full
view ol the entire page. As discussed above, when the entire
page 1s viewed at once the text or image may not be
suiliciently magnified for use. The user, therefore, selects a
specific position on the page, resulting in an animation of
zooming in toward that particular part of the page. Once the
zoom 1s complete the selected area 1s suthiciently magnified
for use. To view another portion of the page, the user
indicates by a control (such as a bufton press or mouse
movement) for an animated zooming out to the full page
view. The user may then pick a place and zoom 1n as before.

These two zooming functions may be combined. For
example, while the display 1s in a zoomed position, a user
may click and hold a mouse button to cause the display to
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zoom out to a full-page view. With the mouse button still
held down, the user may move the mouse until it 1s posi-
tioned at another portion of the document which 1s to be
read. At this point, the user may release the mouse button to
zoom the display into the portion to be read. Optionally, all
zooming actions may be animated.

Expanding on the three-dimensional book metaphor, the
viewing perspective of the book itself can be modified to
improve readability. As shown in FIGS. 18A and 18B, the
view ol the page 1800 can be tilted or angled to provide a
view of the full page. The mapping of the texture of the page
on the angled page results 1n large print for the portion of the
page closer to the user in three-dimensional space and
smaller print for the portions of the page farther from the
user 1n three-dimensional space.

The starting view for this method (called “duck and
zoom”) 1s a partial page display sufliciently zoomed to allow
for the user to read the text. Using, for example, a mouse or
other suitable mput device, the user may activate a tilting
function to rotate the page 1n three-dimensional space about
a horizontal axis at the middle of the wvirtual page. The
display program provides an animation as the page is in the
process of tilting. For example, the user may press a mouse
button and move the mouse up slightly while holding the
button down to cause the top portion of the page to tip
toward the user in the display. Once tilting 1s complete, as
shown 1n FIG. 18A, information displayed at the top of the
page 1s readable. The position of a pointing device such as
a mouse may be indicated by a cursor 1805. The user may
also click and drag the cursor over the portion of the display
which 1s of mterest to the user; this action causes the display
to zoom to this region of interest.

When the user no longer wants to view this portion of the
page, the user may press the mouse button and move cursor
1805 down 1n the display, the page would tilt the bottom of
the page forward into view, as shown in FIG. 18B. Again,
the display program animates the transition. The user may
again use a zooming feature to select and zoom 1nto an area
ol interest.

This tilting function may be generalized by allowing any
adjustment of the viewing angle in three dimensions. None-
theless, limiting the tilting function to a single axis of
rotation has the virtue of lending simplicity to user inter-
faces.

In addition to the methods of showing the image and
textual information provided within the document, methods
for locating and displaying information about the three-
dimensional book are also disclosed. A well-known method
of finding needed information within a book 1s to look 1n the
index of the book. Expanding on this index concept 1s the
creation of an index using “focus and context” as a page of
the three-dimensional book. Referring to FIG. 19, an index
page 1905 may be slid out from a book 1900 so that index
page 1905 and book 1900 can be viewed simultaneously.

An exemplary focus and context index page 1s shown as
page 2000 of FIG. 20. Page 2000 includes a search box 2010
for inputting a term based on which the index will be
created. Upon imputting the term into search box 2010 by, for
example, typing or pasting text, the computer constructs a
customized index for that term. An preferred process for
constructing this unique index will now be described.

The starting point for this construction should preferably
be an actual index for the document from which the three-
dimensional book was created. Ideally, this index may
already exist from a physical representation of the book, but
it may be constructed by using any of the many indexing
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algorithms known to those skilled 1n the art. Obviously, the
ready-made or preprocessed actual index should be 1 elec-
tronic format.

Another necessary ingredient for processing a customized
index 1s an inter-term similarity matrix for the terms 1n the
book. The conceptual basis of the nter-term similarity
matrix 1s to provide a semantic analysis of the relationship
between the words within the analyzed document. Due to the
great processing resources necessary to create an inter-term
similarity matrix, this matrix should ideally be preprocessed.

An exemplary method for creating an inter-term similarity
matrix 1s called the windowing method. With this method,
contiguous groups of a preselected number of words n are
iteratively 1solated within the text of the book. Preferably,
the window may encompass 40-300 words at a time. As the
window 1s moved over each contiguous group of n words 1n
the document, a matrix 1s created for recording associations
between pairs of words within the window. For each
instance a pair ol words appear together within the window,
a value for recording this association 1s incremented. Thus,
at the end of the 1terative process, a large matrix 1s created
which records how many. times each word was present in
the window with each other word in the document. Finally,
the values within the matrix are normalized to values
between 1 and O.

The method of creating a customized index for a given
search term 1s 1llustrated 1n FI1G. 21. Starting with an actual
index, the method uses several different processes to refine
and condense this actual index 1nto a customized index for
the search term. In step 2110, the search term 1s read from
search box 2010 of FIG. 20. As illustrated in search box
2010, this term would be “fisheye views.” In step 2120, 11 the
search term 1s found within the actual index, that term 1s
assigned a maximum degree of interest value to indicate the
likelihood that the information provided in the actual index
will be of interest to the user. This assignment of a maximum
degree of interest 1s performed, for example, by assigning an
activation value of 1. In a preferred embodiment, search
terms which match actual index terms are be differently
displayed 1n the customized index, such as with highlighted
terms 2020 of FIG. 20.

Next, 1n step 2130, a method of spreading activation 1s
applied to create a new set of DOI values for the words 1n
the book. This method utilizes inter-term similarity matrix
2100. Spreading activation 1s described i U.S. Pat. No.
5,835,905, which 1s mncorporated by reference. The type of
spreading activation used 1s, for example, the so-called leaky
capacitor model. The leaky capacitor model 1s described 1n
“Spread of Activation”, Journal of Experimental Learning
and Cognition, Vol. 10, No. 4, pages 791-798 by Anderson
& Piroll1, 1984, which 1s expressly incorporated herein by
reference. To compute spreading activation using the inter-
term similarity matrix, the vector term of degrees of interest
are multiplied by the inter-term similarity matrix R accord-
ing to the following equation:

AD)=C+MA(r-1)

M=(1-y)[+aR

where, I 15 the 1dentity matrix, M 1s a matrix that determines
the flow and decay of activation among nodes, v determines
the relaxation of a node back to zero when it receives no
additional activation mput, o determines the amount of
activation that spreads from a node to its neighbors, and R
1s a matrix constructed by assigning the strength of asso-
ciation between nodes 1 and j as the value of R;,. The
diagonal of the matrix R 1s assigned the value zero.
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The amount of activation that flows between nodes 1s
determined by the activation strengths. The activation
strengths correspond to bibliographic coupling and cocita-
tion strengths. Source activation 1s represented by a vector
C, wheremn C, represents the activation pumped in by node
1. The dynamics of activation can be modeled over discrete
steps t=1, 2, . . . N, with activation at step t represented by
a vector A(t), with element A(t, 1) representing the activation
at node 1 at step t.

The application of spreading activation to the degree of
interest for each term results 1n a new vector comprising
degree of interest values for each term. Those terms similar
to selected terms will have an increased degree of interest as
determined using the inter-term similarity matrix. The
degree of interest values originally set to a maximum value
in step 2120 (because they were found 1n the actual index of
the book) will remain 1n the maximum state.

In step 2140, terms having a degree of interest (DOI)
value 1n excess of a thresholdl are identified as being of
interest to the user. When later displayed, these terms may
be differently displayed in the customized index by, for
example, bolding the terms. Alternatively, thresholdl may
be dynamically adjusted according to the number of terms
marked in bold in the final display.

In step 2150, the entry-subentry structure of the actual
index 1s taken into account. For each of the sub-entry terms
having a high DOI value, the degree of interest value its
parent entry (the more general term above the sub-entry) 1s
assigned an increased degree of interest value. The degree of
interest values of the “sibling” entries (other sub-entries of
the same parent entry) may also be assigned an increased
degree of interest value. These tasks are accomplished by
applying the same “fisheye lens™ algorithm disclosed above
to the set of DOI values from step 2130. In step 2150, the
“intrinsic DOI” would be related to the DOI value from step
2130, while the “distance-based DOI” would reflect the
entry-subentry structure.

In step 2160, a second predetermined threshold value
threshold2 1s used to select additional terms to be displayed.
Those terms having a degree of interest value in excess of
threshold2 are slated for display. Depending on the amount
of information selected, threshold2 may, 1n step 2170, be
iteratively adjusted to increase or decrease the amount of
information selected. The purpose of the adjustment 1s to
ensure that the amount of information will fit within the
allotted display space, e.g., on a single slide-out page
without leaving too much of the allotted space blank.

In some cases, the adjustment of threshold2 1s very
sensitive to increase or decrease, such that a minimum
change results 1n a large increase or decrease 1n the number
of 1tems for display. In this case, a lower of two values for
threshold2 results in too few customized index entries, while
the greater of two values for threshold2 results 1n too many
index entries. In such cases, threshold2 is set to the lower
value, resulting 1mn a customized index that has too few
entries to fill a slide-out page, for example. To supplement
these entries, a random number of terms from those addi-
tional terms that would have been displayed with the higher
threshold2 value are selected for display. The result 1s an
optimally-sized custom index.

In step 2180, the custom index 1s constructed 1nto a virtual
page for display. Next to each of the terms, the page number
on which those terms may be found 1s displayed. Clicking on
a term or page number from the list directs the program to
amimate the book opening to either the first page containing
the term (11 the user clicks on the term) or to the specific page
selected (1f the user clicks on a page number). Further, an
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interface may be displayed on the display to permit the user
to travel through the book through each usage of the selected
term.

As shown in FIG. 22, further search boxes may be
displayed for the entry of further terms. FIG. 22 shows a {irst
search box 2200 and a second search box 2210 are provided
at the top of an 1ndex page 2220. Terms matching one or the
other of the selected terms are set with a maximum degree
of interest value, and the terms corresponding to each of the
two terms are diflerently displayed by, for example, using
two different colors of highlighting. In this way, entries
matching the term in the first search box 2220 appear as
first-color highlighted terms 2230, while entries matching
the term 1n the second search box 2210 appear as second-
color highlighted terms 2240.

The spreading activation method described above 1s used
to process the pair of terms, wherein terms related to both of
the selected terms will necessarily possess an increased
degree of interest due to the relationship to both terms.
Again, terms having a degree of interest 1n excess of a first
threshold threshold1 may be displayed in bold to signity the
likelihood that the term will be of mterest. Thresholdl may
be set at a vaniable level so as to ensure that a portion of the
terms within a given range are displayed in bold.

In a manner similar to that described, a focus and context
or customized table of contents may also be created based on
terms iput by a user. As with the focus and context index,
the focus and context table of contents may be displayed as
a slide-out page from the three-dimensional book. An exem-
plary focus and context table of contents 2300 1s shown in
FIG. 23A. The starting point for the table of contents 2300
1s the actual table of contents of an exemplary three-
dimensional book.

Each entry in the table of contents (the stored version of
the entire table of contents including chapter headings,
chapter subheadings, etc.) i1s assigned a degree of interest
value. The value of the degree of interest for a given entry
1s variable in view of interactions between the user and the
table of contents. The degree of interest may increase, for
example, 11 the user clicks on an entry of the table of
contents. The degree of interest may also increase, for
example, 1 the user types 1n a term contained within the
entry into search box 2310.

When the table of contents 1s first opened, 1.e., before the
user has interacted with the table of contents, it will appear
in an undetailled manner by displaying only for example,
chapter headings and undetailed chapter subheadings as
shown 1n FIG. 23A. I the user were to click on a specific
entry of the table of contents, for example, the entry asso-
ciated with chapter 4, the table of contents expands that
portion of the table of contents to provide more information
about chapter 4, as shown 1n FIG. 23B. The expansion of the
amount of information displayed regarding chapter 4 could
possibly exceed the available space allotted for the display
of the table of contents. To contend with this problem, the
subheadings of the other chapters may be culled 1n order to
maintain all of the displayed information within the allotted
space as shown in FIG. 23B.

As discussed above, the degree of interest values of the
table of contents are also responsive to queries input in
search box 2310, say, by typing. As shown 1n FIG. 24, when
a search term such as “fisheye” 1s typed into search box
2410, the display alters to reflect the altered degree of
interest values associated with the items in the table of
contents. The display of the items in the table of contents
may also be altered, for example, by highlighting the uses of
the term found in search box 2410, as shown with high-
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lighted terms 2420. All entries containing the search term are
set to a maximum degree of interest value.

Further, by using the spreading activation process deter-
mination discussed above with respect to the creation of a
focus and context index, terms having a certain degree of
similarity to the search term may be bolded to reflect the
likelihood that those terms 1n the table of context will be of
interest to the user. This likelihood 1s again determined by
setting a threshold value threshold1 to decide which terms
should be differently displayed. Entries having a degree of
interest value above a second threshold value threshold2 are
set to be displayed as part of the focus and context table of
contents. The intrinsic degree of interest value discussed
above may be set 1n view of the level 1n the tree of the table
of context. Specifically, chapter headings may be set having
a higher intrinsic degree of interest than sub-chapter head-
ings, mncreasing the likelihood that chapter headings will be
displayed.

Again, the total of the entries to be displayed may be
selected by using a iteratively adjusted threshold2 value to
ensure that the items to be displayed do not exceed the
available space while also ensuring that the page does not
remain mostly blank.

A search term may also be entered 1nto search box 2410
by clicking on a term in the table of contents and dragging
it into the search box 2410. The size of the focus and context
table of contents 1s adjustable either manually or automati-
cally using the degree of interest value assigned to the table.

Information may also be made available to users via
objects called “dynamic bookmarks.” FIG. 25 shows an
exemplary three-dimensional book 2500 having dynamic
bookmarks 2510 appended thereto. Exemplary dynamic
bookmarks 2510 are shown as bar marks. These bar marks
are based on bar graph technology. The bar marks are
presented as bars that rise from, for example, the three-
dimensional book (or browser, hyper-text collection, or
container medium).

The dynamic bookmarks may be used, for example, to
display textual information. The textual information can be,
for example, a result of a search query, wherein each of the
bar marks extend from the top of a chapter of the book 2500
in which the search term 1s found. Further, the height of each
ol the bar marks may be selected so as to display the number
of instances of the search term in the individual chapters.
The determination of the number of uses may be performed
as an adaptation of the find function. In order to provide the
user with a scale against which the query results may be
compared, reference marks 2520 may be added.

FIG. 26 shows an example of how the display shown 1n
FIG. 25 may be adapted for the use of multiple search terms.
The second search term will be added as bar marks 2610
above book 2600 having different colors or textures than
those of the first bar marks 2620. As an alternative to
showing the bar marks as side-by-side, they may be shown
as overlapped or vertically placed one atop the other.

The bar marks as a separate graphical representation can
be manipulated by the user. The user may, for example, click
on a subset of the bar marks and perform a sub-query on the
new selection. They user may also drag and drop the bar
marks mto another container to preserve the results and use
the results later as a base set for other database operations.

Another optional use of dynamic bookmarks 1s as an
adjunct to the focus and context index and/or table of
context. Dynamic bookmarks could be added to the three-
dimensional book showing the places at which the terms
used to create the focus and context index and/or table of
context are found. Further, clicking on the dynamic book-
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mark may be used to open the three-dimensional book to the
page on which the search terms are used.

Physical limitations on the sizes of real books 1s one
analogy that need not be transferred to electronic three-
dimensional books. For example, a book such as Informa-
tion Visualization by Stuart Card, Jock Mackinlay, and Ben
Schneiderman (San Francisco, Morgan-Kaufmann, 1999)
has 650 bibliographic references and comprises 680 pages.
I1 the contents of each of the non-book references were to be
added as pages of the book, then the resulting book would
have roughly 7000 pages, resulting 1in a book approximately
12 inches thick 1 physical form. Such a book 1s described,
for example, 1n U.S. patent application Ser. No. 09/488,563
entitled “A Medium Containing Information Gathered from 5
Matenal Including a Source and Interface for Graphically
Displaying the Information.” A portable document reader

contaiming a three-dimensional book of prodigious size
would not use nearly as much space.

10

The adaptation of a large book to the three-dimensional 29
format would provide a prospective view of the large book.
An exemplary “big book™ 1s shown as book 2700 1n FIG. 27.
Because of the size of the side edge of book 2700 1s far
larger than that of typical book 2710, this side edge may be
used to present information about book 2700. 23

As shown 1n FIG. 28, the two visible side edges of book
2800 can be used to provide content information about book
2800. One surface 2810 may be used, for example, for
displaying a “table image™ or “table lens” as described 1n
U.S. Pat. Nos. 5,632,009; 5,880,742; 5,883,635 and 6,085, °"
202. The data shown on the side surface displays meta-data
about references 1n the book. A second surface 2820 of the
book may be used with colored or textured bands describing,
the sections/subsection structure of book 2800. In FIG. 28 A,
the table image 2810 has one state. In FIG. 28B, the user has
tocused on the variable 1n column 2830 causing that column
to expand while the other columns contract. Similarly, the
information 2820 has also changed state.

35

Alternatively, graphical and/or numeric data can be dis-
played on a side surface of book 2900 as shown 1n FIG. 29.
The numeric data may represent, for example, the usage of
a search term within the book displayed as a graph 2910. The
graph represents how frequently a search term 1s used in the
text of book 2900 on a page-by-page, chapter-by-chapter,
section-by-section, or other such basis. Alternatively, a
single- or multiple-page window may be passed over the text
of the document to create a moving average trend for search
term use Irequency. In this way, page-to-page variability
within the graph can be smoothed in order to more clearly
represent trends 1n search term frequency.
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Because the side edge of the book when displayed for
reading, 1.e., parallel to the surface of the display, the side
edge may not provide suflicient room to display the infor-
mation. The three-dimensional book may, therefore, be 55
displayed 1n an alternate form, wherein the side edge of the
book 1s expanded to provide the needed surface area. An
exemplary side expanded book 3000 (splayed edge book) 1s
shown 1 FIG. 30. When angled toward the viewer for
reading, the book 3100 would be displayed as shown in FIG.
31.

The use of the side edge of the big book could be used
with the selection of text on the visible page (page in view
of the user) and request that the edge of the book provide a
visualization that describes some relationship between the 65
selected text and the content of the book. The program could
calculate a similarity-based semantic relationship between
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the search term and the text of pages, groups of pages,
chapter etc., and thereaiter draw the calculated similarity
values on the side edge.

If the splayed edge book shown 1n FIG. 30 would require
too much of the available display space, the book may be
depicted with an 1conic hole 3200 to provide the graphical
information that would otherwise be shown on the side of
the book. An exemplary book 3210 with an iconic hole 3200
1s shown 1n FIG. 32. If a search word 1s used to generate the
information, the hole could be shown next to the search
word. As shown in FIG. 33, the side edge of the book may
be shown as stacks of pages displaced horizontally. The
separate stacks 3300 may be sections, chapters, sub-chapters
ctc. of the book. Alternatively, continuous adjustment of
horizontal stack position may be used as shown 1n FIG. 34.
This continuous adjustment could comprise stacks of virtual
pages arranged to substantially define a graphical display of
information relating to the virtual three-dimensional book.
For example, the stack could assume the shape of a graph
representing, on the horizontal axis, the number of instances
of a given search term on each individual virtual page.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the virtual
three-dimensional book and functions used 1n cooperation
with the display of such a book of the present invention
without departing from the scope or spirit of the invention.
Other embodiments of the invention will be apparent to
those skilled 1n the art from consideration of the specifica-
tion and practice of the mvention disclosed herein. It 1s
intended that the specification and examples be considered
as exemplary only, with a true scope and spirit of the
invention being indicated by the following claims.

What 1s claimed 1s:

1. A system for displaying images of a virtual three-
dimensional document with virtual objects and sections, the
system comprising:

a display system capable of executing a display program,

wherein 1mages of the virtual three-dimensional docu-

ment are produced on the display system, and

wherein a scroll bar function for page navigation 1is

provided, the scroll bar function comprising:

computing degree of interest values for sections of the
virtual three-dimensional document and assigning
degree of interest values to the sections of the virtual
three-dimensional document as a function of a cur-
rently displayed section of the virtual three-dimen-
sional document:

generating a scroll bar; and

automatically allocating space on the scroll bar based
on a the assigned degree of interest function such
that portions of the scroll bar are accorded to sections
ol the virtual three-dimensional document according
to the degree of interest of each of the sections, so
that greater proportions of the scroll bar are corre-
lated to sections of higher interest.

2. The system of claim 1, wherein the degree of interest
function comprises an intrinsic degree of interest value and
a distance-based degree of interest value for each virtual
object to be displayed.

3. The system of claim 2, wherein the degree of interest
function for a virtual object comprises adding the intrinsic
degree of interest value of a virtual object and the distance-
based degree of interest value.

4. The system of claim 2, wherein the distance-based
degree of interest value considers the recency 1n time since
the virtual object was last displayed.
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5. The system of claim 2, wherein the intrinsic degree of
interest value 1s determined by an object type of the virtual
object.
6. The system of claim 1, wherein virtual section infor-
mation 1s displayed on the scroll bar.
7. The system of claim 6, wherein sub-section information
1s displayed on the scroll bar for virtual sections with higher
degrees of interest.
8. The system of claim 1, wherein a location for each of
one or more tables within the document 1s visually indicated
on the scroll bar.
9. The system of claim 1, wherein a location for each of
one or more figures within the document 1s visually indi-
cated on the scroll bar.
10. The system of claim 1 wherein a table locator 1s added
to the scroll bar based on the degree of interest function to
indicate a table location in the document.
11. The system of claim 1 wherein a figure locator is
added to the scroll bar based on the degree of interest
function to indicate a figure location 1n the document.
12. The system of claim 1, wherein the virtual three-
dimensional document 1s a virtual book.
13. A computer program product comprising;
a computer usable medium having computer readable
code embodied therein for producing images of a
virtual three-dimensional document with virtual objects
on a display device, the computer readable code com-
prising;:
a scroll bar function for displaying a user-selectable small
bar for document navigation, wherein the scroll bar
function comprises:
computing degree of interest values for sections of the
virtual three-dimensional document and assigning
degree of interest values to the sections of the virtual
three-dimensional document as a function of a cur-
rently displayed section of the virtual three-dimen-
sional document;

generating a scroll bar; and

automatically allocating space on the scroll bar based
on the assigned degree of interest function such that
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portions of the scroll bar are accorded to sections of

the virtual three-dimensional document according to

the degree of interest of each of the sections, so that
greater proportions of the scroll bar are correlated to
sections of higher interest.

14. The computer program product of claim 13 wherein
the degree of interest function comprises an intrinsic degree
of interest value and a distance-based degree of interest
value for each virtual object to be displayed.

15. The computer program product of claim 14 wherein
the degree of interest function for a virtual object comprises
adding the intrinsic degree of interest value of a virtual
object and the distance-based degree of interest value.

16. The computer program product of claim 14 wherein
the distance-based degree of interest value considers the
recency 1n time since the virtual object was last displayed.

17. The computer program product of claim 14 wherein
the 1ntrinsic degree of interest value 1s determined by an
object type of the virtual object.

18. The computer program product of claim 13 wherein
virtual section mformation 1s displayed on the scroll bar.

19. The computer program product of claim 18 wherein
sub-section information 1s displayed on the scroll bar for
virtual sections with higher degrees of interest.

20. The computer program product of claim 13 wherein a
location for each of one or more tables within the document

1s visually indicated on the scroll bar.

21. The computer program product of claim 13 wherein a
table locator 1s added to the scroll bar based on the degree
of interest function to indicate a table location in the
document.

22. The computer program product of claim 13 wherein a
figure locator 1s added to the scroll bar based on the degree
of interest function to indicate a figure location in the
document.

23. The computer program product of claim 13, wherein
the virtual three-dimensional document 1s a virtual book.
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